Introduction
Mannich condensation of succindialdehyde with (S)-2-phenylglycinol and benzotriazole forms hexahydropyrrolo [2,1-b] [1, 3] oxazole 1, which on treatment with Grignard reagents, followed by hydrogenation, gave chiral 2,5-disubstituted pyrrolidines. 1 The nitrogen analogues, i.e., 1-phenylhexahydro-1H-pyrrolo[1,2-a]imidazoles 2 and 3, have also been studied. 2 We herein report stereoselective syntheses of the novel sulfur analogues, i.e., hexahydropyrrolo [ 4 arise from condensations of 2-amino-1-ethanethiols with γ-oxo-carboxylic acids 4, 5 or γ-oxo-esters. Table 1 ). The D.e. values for 15a−c (50%, >99% and >99%, respectively) also indicate that among the silyl enol ethers, the larger stereohindered nucleophiles give higher D.e. values. NOE results confirm the cis-orientation between H(3) and H(5) in 15b,c and in the major diastereoisomers of 14a,b and 15a.
For 15b, a new chiral center was formed at the α-position of cyclohexanone, and both 1 H, 13 C NMR spectra indicate 15b as a pure enantiomer. It is difficult to obtain direct experimental evidences for its absolute configuration determination, since the oily product is not fit for X-ray analysis and the α-H of cyclohexanone is overlapped with other protons. However, the absolute configuration at the 5-position in 15b indicates that the silyl enol ether attacks the iminium cation intermediate below the imine plane. We believe that route A is more favorable than route B, due to the larger repulsion between the cyclohexene and the iminium cation ring systems for route B. Thus attack A leads to enantiopure 15b; none of 15b′ was observed. Furthermore, the conformation in 15b is more stable than the conformation in 15b′ due to the larger gauche butane interaction in 15b′. Therefore, the new chiral center is believed to have R-configuration (c.f. Scheme 2). Table 1 ) In order to keep the ester group in 10, we used a weaker nucleophile, i.e., PhZnCl, obtained in situ by the treatment of phenylmagnesium bromide with ZnCl2. The nucleophilic substitutions of 10 with PhZnCl afforded the desired compound 16 in 65% yield with the major diastereoisomer having Rconfiguration at the 5-position. The D.e. value can be improved from 50% (using 1.5 equivalents of ZnCl2 based on PhMgBr) to 60% (using 4 equivalents of ZnCl2 based on PhMgBr). The reason is probably that the Lewis acid, ZnCl2, facilitates loss of the benzotriazolyl anion to form an iminium cation, which undergoes SN1 nucleophilic substitutions. Thus the addition of more ZnCl2 avoids SN2 nucleophilic substitutions leading to an inversion of the absolute configuration at the 5-position.
Compared to the configuration of Bt intermediate 10, the absolute configurations at the 5-position remains unchanged in the major diastereoisomers of 11−16. This result is consistent with our previous report on the nucleophilic substitution of oxygen analogue 1 with PhZnCl.
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Thus we believe that the nucleophilic substitutions of 10 should predominantly undergo S N 1 route instead of S N 2 route and that thermodynamic stability may play an important role on the determination of stereochemistry of final products. In summary, we have developed a straightforward and efficient route to chiral hexahydropyrrolo [ 
